Objective. We undertook this phase III study to evaluate baricitinib, an orally administered JAK-1/JAK-2 inhibitor, as monotherapy or combined with methotrexate (MTX) compared to MTX monotherapy in patients with active rheumatoid arthritis (RA) who had received no or minimal conventional synthetic disease-modifying antirheumatic drugs (DMARDs) and who were naive to biologic DMARDs.
results were observed for combination therapy. Compared to MTX monotherapy, significant improvements in disease activity and physical function were observed for both baricitinib groups as early as week 1. Radiographic progression was reduced in both baricitinib groups compared to MTX monotherapy; the difference was statistically significant for baricitinib plus MTX. The rates of serious adverse events (AEs) were similar across treatment groups, while rates of some treatment-emergent AEs, including infections, were increased with baricitinib plus MTX. Three deaths were reported, all occurring in the MTX monotherapy group. Malignancies, including nonmelanoma skin cancer, were reported in 1 patient receiving MTX monotherapy, 1 receiving baricitinib monotherapy, and 4 receiving baricitinib plus MTX.
Conclusion. Baricitinib alone or in combination with MTX demonstrated superior efficacy with acceptable safety compared to MTX monotherapy as initial therapy for patients with active RA.
Rheumatoid arthritis (RA) is a chronic systemic inflammatory disorder that primarily affects diarthrodial joints. In RA, increased circulating levels of proinflammatory cytokines contribute to the overall symptomatology of fatigue, pain, and joint stiffness. Disease severity ranges from mild limited disease to severe systemic disease associated with joint destruction, comorbid conditions (e.g., cardiovascular disease, infections, malignancies), significant disability, reduced quality of life, and shortened survival (1, 2) .
In patients with early RA, methotrexate (MTX) alone or in combination with other conventional synthetic disease-modifying antirheumatic drugs (csDMARDs) remains the "anchor" therapy, and early intervention improves clinical outcomes and reduces joint damage and future disability (3) . However, approximately one-third of patients are intolerant of MTX treatment, with discontinuation of MTX being common in clinical practice (4, 5) . Therefore, determining whether new therapies in development for RA might be an alternative to MTX in patients who cannot take or tolerate MTX may be important in understanding the potential utility of any new treatment.
Furthermore, although current guidelines recommend MTX as initial DMARD therapy for patients with RA, slow onset of benefit is recognized, and use of corticosteroids to bridge to treatment response is suggested as part of initial therapy (6, 7) . Compared to csDMARDs with delayed onset of effect, novel therapies with rapid onset of benefit may obviate the need for bridging corticosteroid use of this kind, a potentially desirable advance in light of the recognized toxicities of corticosteroid therapy.
Multiple cytokines implicated in the pathogenesis of RA signal through a JAK-1/JAK-2 heterodimer (e.g., interleukin-6, interferons) or a JAK-2/JAK-2 homodimer (e.g., granulocyte-macrophage colony-stimulating factor). Baricitinib, an orally administered JAK-1/JAK-2 inhibitor, has shown efficacy and acceptable safety in patients with RA who had an insufficient response to csDMARDs and biologic DMARDs (bDMARDs) (8) (9) (10) . This report describes the results of the RA-BEGIN trial, a phase III study of baricitinib in patients with active RA and no prior treatment with csDMARDs (no or limited exposure to MTX) or bDMARDs. The study was designed to evaluate baricitinib as monotherapy or in combination with MTX versus MTX monotherapy.
PATIENTS AND METHODS
Patients. We included patients age $18 years with adult-onset RA, classified by the American College of Rheumatology (ACR)/European League Against Rheumatism (EULAR) 2010 criteria (3), who had received no prior csDMARD therapy (up to 3 weekly MTX doses permitted) and no prior bDMARD therapy. Patients had active disease ($6 of 68 tender joints and $6 of 66 swollen joints; serum high-sensitivity C-reactive protein [hsCRP] level $3.6 mg/liter [upper limit of normal 3.0 mg/liter]) and were seropositive for rheumatoid factor (RF) or anticitrullinated protein antibodies (ACPAs) (3) . Exclusion criteria included recent clinically significant infection and select laboratory abnormalities (aspartate aminotransferase or alanine aminotransferase [ALT] .1.5 times upper limit of normal, hemoglobin ,10.0 gm/dl, neutropenia ,1,200 cells/ml, lymphopenia ,750 cells/ml, and estimated glomerular filtration rate [GFR] ,40 ml/ minute/1.73 m 2 ). Patients with evidence of or suspected latent tuberculosis could enroll if appropriate treatment was commenced $4 weeks before randomization and the patient agreed to complete the remainder of treatment while in the trial.
Study protocol and oversight. RA-BEGIN was a 52-week randomized, double-blind, double-dummy, active comparator-controlled study conducted at 198 centers in 18 countries. Patients were randomized 4:3:4 to receive oral MTX monotherapy (administered once weekly), baricitinib monotherapy (4 mg administered once daily), or the combination of baricitinib and MTX. MTX was initiated at 10 mg/week and, if tolerated, increased to 20 mg/week by week 8. A lower dosage regimen was available if clinically indicated (initial dosage of 7.5 mg once weekly and maximum dosage of 12.5 mg once weekly). Randomization was stratified by geographic region and presence or absence of joint erosions on centrally read baseline radiographs. Patients with a screening estimated GFR $40 and ,60 ml/minute/1.73 m 2 who were assigned to baricitinib monotherapy or baricitinib plus MTX received baricitinib at 2 mg. Concomitant treatment with stable doses of nonsteroidal antiinflammatory drugs (NSAIDs), analgesics, and/or oral corticosteroids (#10 mg/day of prednisone or equivalent) was permitted. Baricitinib and placebo to match were supplied as 4-mg and 2-mg tablets. Active and placebo MTX were supplied as identical opaque capsules containing excipient with or without commercially available MTX. Folic acid was provided by the sponsor as a noninvestigational product, and all patients were required to take at least 1 mg once daily (or per local standard of care).
Rescue treatment (baricitinib plus MTX) for those patients whose tender and swollen joint counts did not improve by $20% from baseline was available beginning at week 24. New or increased doses of NSAIDs, analgesics, and oral corticosteroids could also be used after rescue. Patients completing week 52 could enter a long-term extension study. Patients who did not enter the extension study or who discontinued early were followed up for ;28 days after their last dose of study drug.
The study was conducted in accordance with ethical principles of the Declaration of Helsinki and Good Clinical Practice guidelines and was approved by each center's institutional review board or ethics committee. All patients provided written informed consent. The study was initiated in November 2012 and completed in August 2015, with enrollment occurring between January 2013 and August 2014.
Efficacy. The primary end point assessment was a noninferiority comparison of baricitinib monotherapy to MTX monotherapy based on the proportion of patients meeting the American College of Rheumatology 20% improvement criteria (achieving an ACR20 response) (11) at week 24. Major secondary end points assessed at week 24 included superiority comparisons of baricitinib monotherapy or baricitinib plus MTX to MTX monotherapy based on the ACR20 response, Health Assessment Questionnaire disability index (HAQ DI) (12, 13) , Simplified Disease Activity Index (SDAI) remission (score of #3.3) (14), Disease Activity Score in 28 joints (15) based on C-reactive protein level (DAS28-CRP) (16) , and modified Sharp/van der Heijde score (SHS) (17) . Radiographs were scored centrally by 2 independent readers with adjudication by a third reader, if needed. Independent readers were blinded to chronological order, patient identifiers, and treatment group. The mean score obtained between the reader pair was used in the analysis. Other secondary measures included proportions of patients achieving ACR50 and ACR70 responses, DAS28 based on erythrocyte sedimentation rate (DAS28-ESR) of #3.2 and ,2.6 (16), and Clinical Disease Activity Index (CDAI) score of #2. 8 (14) at weeks 12, 24, and 52.
Safety. Clinical laboratory tests, recording of vital signs, and other safety assessments were performed at all scheduled visits. The incidence and severity of all adverse events (AEs) were recorded. The National Institutes of Health Common Terminology Criteria for Adverse Events (CTCAE; version 3.0) and National Cholesterol Education Program categories were used to describe selected laboratory abnormalities. During the study, an independent data safety monitoring committee periodically reviewed data from this and other ongoing phase III studies of baricitinib. An independent clinical end point committee adjudicated potential cardiovascular events.
Statistical analysis. Week 24 ACR20 response rates were anticipated to be 55% for MTX monotherapy, 60% for baricitinib monotherapy, and 68.5% for baricitinib plus MTX for the purposes of sample size and power calculations. Randomization of 200 patients per arm was estimated to provide 79% power for evaluation of baricitinib plus MTX versus MTX monotherapy, a superiority assessment. However, a smaller sample size of 150 patients was chosen for baricitinib monotherapy because this was estimated to provide 89% power for the primary evaluation of noninferiority to MTX monotherapy using a prespecified 
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FLEISCHMANN ET AL noninferiority margin of 12%. A modified intent-to-treat (ITT) analysis was employed for efficacy analyses, which included all patients treated with $1 dose of study drug. A weighted, Bonferroni-based, sequentially rejective, closed multiple-testing procedure was used to maintain strong control of Type I error for the 24-week primary and major secondary end points (see Supplementary Figure 1 , available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/ doi/10.1002/art.39953/abstract) (18, 19) . Treatment comparisons for categorical and continuous efficacy measures were performed using logistic regression and analysis of covariance (ANCOVA), respectively, with baseline value (for continuous measures only), treatment, region, and presence of baseline joint erosions in the model. Fisher's exact test was used for categorical safety data or when sample size requirements for the logistic regression model were not met. Continuous safety data were analyzed using ANCOVA with baseline value and treatment in the model. Analyses used a significance level of 0.05 (2-sided) unless otherwise defined by the multiple-testing procedure. Prespecified sensitivity analyses included evaluation of the primary and major secondary objectives in a predetermined per-protocol population.
Patients rescued or discontinued from the study or study treatment were thereafter defined as nonresponders (nonresponder imputation) for all categorical efficacy outcomes. These patients had their last observations before rescue or discontinuation (modified last observation carried forward method) used for analyses of continuous efficacy data. For continuous secondary efficacy measures evaluated under strict Type I error control (with the exception of the SHS, see below), if the reason for discontinuation was an AE, the baseline observation was substituted at the week-24 analysis time point (modified baseline observation carried forward method). For radiographic measures, scores at weeks 24 or 52 that were missing or subsequent to rescue were imputed using linear extrapolation from baseline and the most recent postbaseline data prior to or at initiation of rescue therapy. Safety observations were analyzed by randomized treatment until the time of rescue or the end of the treatment period.
RESULTS
Patient characteristics. Of 1,180 screened patients, 588 were randomized ( Figure 1 ). The most common 24 . The proportions of patients in the full-dose group who were prescribed the full intended 20-mg dose at this time point were 94.2% in the MTX monotherapy group and 87.8% in the baricitinib plus MTX group. For the MTX monotherapy, baricitinib monotherapy, and baricitinib plus MTX groups, 12%, 4%, and 3%, respectively, of patients were rescued and 23%, 14%, and 20%, respectively, were prematurely discontinued from the study (Figure 1 ). Eighty percent of the patients completed week 52, and most of these (96%) entered the long-term extension study.
Efficacy findings. The study met its primary noninferiority objective. The ACR20 response rate at week 24 for baricitinib monotherapy and MTX monotherapy was 77% and 62%, respectively (P # 0.001 for noninferiority). Moreover, baricitinib monotherapy was found to be superior to MTX monotherapy at week 24 (P # 0.01) ( Figure  2A ). Compared to MTX monotherapy, statistically significant improvements were observed for baricitinib monotherapy and baricitinib plus MTX in the 24-week major secondary measures of superiority of the ACR20 response, improvement in the DAS28-CRP, improvement in HAQ DI scores, and SDAI remission (Figure 2 ) (see Supplementary Figures 2F and 3A , http://onlinelibrary.wiley.com/doi/ 10.1002/art.39953/abstract). Less progression in the SHS was observed in both baricitinib groups compared to MTX monotherapy; however, the treatment effect was statistically significant for baricitinib plus MTX but not for baricitinib monotherapy (Figure 3) . Otherwise, all major efficacy objectives were achieved, with statistical significance controlled for multiplicity (see Supplementary Table 2 , http:// onlinelibrary.wiley.com/doi/10.1002/art.39953/abstract).
Outside of the closed-testing procedure, statistically significant improvements were consistently observed for the baricitinib monotherapy and baricitinib plus MTX groups compared to MTX monotherapy for ACR20, ACR50, and ACR70 response rates (Figure 2A Although the study design limited statistical comparisons between baricitinib treatment groups because of insufficient power, the treatment effects observed for baricitinib monotherapy and the combination of baricitinib and MTX were similar in magnitude, including measures of how patients feel (for example, pain and patient's assessment of disease activity) and function (HAQ DI). Combination therapy was associated with apparently larger improvements in inflammation-related measures (for example, ESR). Although a relatively small proportion of patients in any group had radiographic progression, the lowest radiographic progression rates at weeks 24 and 52 were seen in the combination group (Figure 3) .
In a prespecified sensitivity analysis, similar results were observed for the per-protocol population and the modified ITT population across the primary and major secondary end points (data not shown). Further sensitivity analyses exploring MTX dose and glucocorticoid use were conducted. For relevant outcome measures such as the ACR20 and ACR50 responses and a DAS28-hsCRP #3.2, significant heterogeneity was not seen based on glucocorticoid use and nonuse for treatment effects compared to MTX (see Supplementary Figures 4-6, http://onlinelibrary.wiley.com/ doi/10.1002/art.39953/abstract). Importantly, treatment effects compared to MTX monotherapy were consistent irrespective of whether patients were prescribed the fulldose or the low-dose MTX regimens. Efficacy measures are summarized in Supplementary Table 3, http:// onlinelibrary.wiley.com/doi/10.1002/art.39953/abstract. Safety findings. From baseline through week 52, a total of 5%, 6%, and 11% of patients discontinued the study because of an AE in the MTX monotherapy, baricitinib monotherapy, and baricitinib plus MTX groups, respectively ( Table 2) . Rates of serious AEs (SAEs) through 52 weeks were similar across groups (10%, 8%, and 8%, respectively). Three deaths occurred, all in patients receiving MTX monotherapy; causes of death were interstitial lung disease, drowning, and pulmonary thromboembolism. The last event was 1 of 3 positively adjudicated major adverse cardiovascular events seen during the study; the others were a hemorrhagic stroke (in a patient receiving MTX monotherapy) and a myocardial infarction in a patient (receiving baricitinib monotherapy) with preexisting hypertension and dyslipidemia.
Serious infection rates were similar across groups (4%, 4%, and 2%, respectively, for the MTX monotherapy, baricitinib monotherapy, and baricitinib plus MTX groups) (see Supplementary Table 4 , http://onlinelibrary.wiley.com/ doi/10.1002/art.39953/abstract). One SAE of Pneumocystis pneumonia was reported in a Japanese patient (receiving baricitinib plus MTX) with fever, dyspnea, elevated blood b-D-glucan, and abnormality on computed tomography of the chest. No organism was identified, and the patient recovered following presumptive treatment for Pneumocystis jiroveci pneumonia. Protocol-defined SAEs through week 52 are shown in Supplementary Rates of treatment-emergent AEs were similar across groups: 72%, 71%, and 78% for MTX monotherapy, baricitinib monotherapy, and baricitinib plus MTX groups, respectively. Infections were reported in a larger proportion of patients in the baricitinib plus MTX group (50%) than in the MTX monotherapy (38%) and baricitinib monotherapy (43%) groups (Table 2) ; infections of the upper respiratory tract and urinary tract were the most common types of infections reported (see Supplementary  Table 6 , http://onlinelibrary.wiley.com/doi/10.1002/art. 39953/abstract). Herpes zoster events were reported in all treatment groups (in 2, 4, and 5 patients receiving MTX monotherapy, baricitinib monotherapy, and baricitinib plus MTX, respectively); none exhibited a complicated clinical course (dissemination, visceral or ocular involvement, nerve palsy), and the majority were reported in Japanese patients (2, 3, and 3 patients, respectively). Esophageal candidiasis (mild) was reported in 1 patient (receiving baricitinib plus MTX). The event was an incidental finding during endoscopy for gastritis; study drug was not discontinued, and the candidiasis was not treated. Table 3 displays mean changes from baseline and increases in CTCAE grade for selected laboratory analytes through 24 and 52 weeks. No imbalance in anemia was seen among treatment groups. Neutrophil count reductions were observed in all treatment groups; lowgrade neutropenia was observed more commonly in the baricitinib groups. No association between neutropenia and infection was observed. No increase in lymphopenia was seen for the baricitinib groups; transient lymphocyte count increases were seen with baricitinib in some patients (data not shown). Modest transient increases in platelet counts were seen during the initial weeks of treatment with baricitinib, followed by a return to baseline; decreases in platelet counts were seen for MTX monotherapy. No imbalance in protocol-defined thrombocytosis (.600,000 cells/mm 3 ) was seen among groups (see Supplementary Table 5 , http://onlinelibrary.wiley. com/doi/10.1002/art.39953/abstract).
Small increases in the mean ALT level were observed across groups; the largest mean increase was seen in the baricitinib plus MTX group. The smallest proportion of patients with an increase in CTCAE grade occurred with baricitinib monotherapy. Most abnormal values were transient, and the majority of elevations (1) 4 (2) 8 (4) 6 (4) 5 (2) AEs leading to study discontinuation 5 (2) 6 (4) 15 (7) 11 (5) 9 (6) 23 (11) AEs leading to temporary interruption 20 (10) 7 (4) 24 (11) 28 (13) 13 (8) 43 (20) TEAEs 35 (17) 35 (22) 49 (23) 40 (19) 39 (25) 51 (24) Grade 2 ($8.0 to ,10 gm/dl) 16 (8) 10 (6) 16 (8) 16 (8) 10 (6) 17 ( Grade 1 ($1,500 to ,2,000 cells/ml) 11 (5) 17 (11) 15 (7) 15 (7) 20 (13) 18 ( (15) 11 (7) 29 (14) 35 (17) 24 (15) (14) 41 (21) 30 (16) 24 (15) 44 (22) Borderline high ($130 mg/dl and ,160 mg/dl) 28 (15) 34 (22) 38 (19) 32 (17) 34 (22) 47 (24) High ($160 mg/dl and ,190 mg/dl) 10 (5) 27 (17) 24 (12) 17 (9) 27 (17) 31 ( 4 (2) 8 (5) 13 (7) 6 (3) 13 (8) 13 ( (8) 7 (5) 8 (4) 15 (8) 9 (6) 12 ( 
DISCUSSION
The RA-BEGIN trial was designed to assess the efficacy and safety of baricitinib administered as monotherapy or in combination with MTX compared to MTX monotherapy in patients with early active RA. The study enrolled a population with a median disease duration of 0.2 years and with .91% of patients being DMARD naive. Additionally, 90% of patients were ACPA positive and 96% were RF positive; the baseline mean hsCRP level was ;23 mg/liter, and approximately two-thirds of the patients had $1 erosion with a mean SHS of 12, suggesting aggressive RA.
In accordance with the ACR guideline and EULAR recommendations for the treatment of RA (6, 20) , treatment should be initiated with an MTX regimen. The effectiveness of MTX in controlling disease activity, improving patient function, and limiting radiographic progression in up to one-third of patients with early RA when used as monotherapy (21, 22) underpins these recommendations. In the RA-BEGIN trial, clinical improvements in signs and symptoms, function, and patient-reported outcomes were observed with MTX monotherapy, the extents of which were consistent with prior controlled trials of MTX monotherapy (21, 23, 24) . Baricitinib, alone or in combination with MTX, further improved outcomes compared to MTX monotherapy, as shown by significant differences in ACR20, ACR50, and ACR70 responses, the percentage of patients achieving low disease activity and remission (for the SDAI, CDAI, and DAS28), and the $0.22 decrease in HAQ DI score at weeks 24 and 52. Significant improvement was observed as early as week 1 in the ACR core components, including tender and swollen joints, hsCRP level, pain, and physician's and patient's global assessments. This rapidity of response is important to patients and may increase the probability of achieving better outcomes.
Radiographically, only baricitinib plus MTX was statistically superior to MTX monotherapy, as seen by the significant differences in SHS scores at 24 and 52 weeks and the proportion of patients not experiencing radiographic progression of .0 or .0.5 units. Radiographic progression through 52 weeks was observed to be less for baricitinib monotherapy than for MTX monotherapy, but the difference was not statistically significant.
With respect to safety, in this group of patients over the course of 52 weeks, there were no apparent differences in the occurrence of SAEs or serious infection events; however, there were more temporary interruptions and permanent discontinuations of medication in the baricitinib plus MTX group than in the MTX monotherapy group, with fewer temporary interruptions in the baricitinib monotherapy group. More nonserious infections were seen in the baricitinib plus MTX group than in either monotherapy group. Herpes zoster events occurred in all treatment groups. Elevations in ALT levels were more likely to occur with MTX, either as monotherapy or in combination with baricitinib. Elevations in lipids, creatinine, and CPK levels occurred more frequently with baricitinib, whether used as monotherapy or in combination with MTX.
When considering the risk and benefit of treatment of early active RA with these regimens, one could conclude that the combination of baricitinib plus MTX was more effective than MTX monotherapy clinically, functionally, and radiographically, with some increased risk. Baricitinib monotherapy was clinically and functionally superior to MTX monotherapy, with less ALT elevation than MTX monotherapy or combination therapy. In addition, progression of radiographic outcomes was less, although to a statistically nonsignificant degree, with baricitinib monotherapy than with MTX monotherapy.
The finding that baricitinib is superior to MTX monotherapy and that there is limited improvement when baricitinib is combined with MTX may be important for patients who cannot take or tolerate MTX. Treatment options for these patients frequently include bDMARD monotherapy, although when bDMARDs are used as monotherapy, they are no more effective than MTX monotherapy (21, 25) . Reports of well-designed clinical trials have suggested that most, if not all, bDMARDs are more effective in combination with MTX (21, (25) (26) (27) . Tofacitinib, another JAK inhibitor with specificity for JAK-3/JAK-1/JAK-2, has been shown to be more effective clinically, functionally, and radiographically than MTX monotherapy in MTX-naive RA patients (24) . However, that study did not compare tofacitinib monotherapy to the combination of tofacitinib and MTX.
There were some limitations to this study. The entry criterion requiring an elevated hsCRP at baseline resulted in a screen failure rate of ;50%. A high screen failure rate can reduce the external validity of a study; however, the population enrolled did have early active RA, as was the intent of the protocol. The dosage of MTX was limited to 20 mg once weekly and was not adjusted in patients having an inadequate response to treatment. However, the clinical response observed in the MTX monotherapy arm exceeded the expected response that informed the power calculation and was consistent with reported trials of MTX monotherapy in patients with early RA. Nonetheless, it cannot be assessed whether a higher dose of MTX would have been noninferior or superior to baricitinib monotherapy.
In summary, this study demonstrated that in DMARD-naive patients, baricitinib monotherapy is superior to MTX monotherapy with respect to clinical and functional end points. In this group of patients, treatment with baricitinib in combination with MTX offered modest additional benefit over baricitinib monotherapy with respect to measures of inflammation and radiographic progression of structural joint damage, but with some suggested increases in risk. Compared to MTX monotherapy, improvements in disease activity with both baricitinib monotherapy and combination therapy were observed as early as 1 week. These results may be important for patients with a contraindication to or intolerance of MTX treatment.
